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TOF Electronics for the 
MIPP Upgrade

• A very short presentation because exceeding little 
is known about this system at this time.

• There does not presently exist even a conceptual 
design.

• All that has been written are statements about 
what chips will become the basis of a design.
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What we used for MIPP 
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TDC/ADC for T0 and for TOF wall were in different 
crates at different physical locations. 
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What we might use for upgrade 
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PMT

Passive 90-10 splitter

CAMAC Discriminator

Start   Stop   Gate  Analog in
   TDC         ADC

Strobe

Custom module based on 
TDC-GPX chip for TCD and 
TRIP-t chip for ADC

Signals from RF

Lumped element
 delay line

Old

New

Signal 
from 
trigger 
logic

TDC/ADC for T0 and for TOF wall will be in the same crates. 
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TDC-GPX Chip
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 TDC-GPX 
 

  

acam-messelectronic gmbh - Am Hasenbiel 27 - D-76297 Stutensee-Blankenloch - Germany - www.acam.de 

 

1 

  
 
 

 
 

 
 
 

 
 

 

Datasheet 
 
 
 

MAY 31ST , 2005 
 
 
 
 
 

acam -  so lut ions in t ime 
P r e c i s i o n  T i m e  I n t e r v a l  M e a s u r e m e n t  

 
 
 

 
 

 
 

                                                                                                                                          
 
 
 
 

TDC-GPX
U l t r a - h i g h  P e r f o r m a n c e  8  C h a n n e l  

T i m e - t o - D i g i t a l  C o n v e r t e r



C. Rosenfeld                                  MIPP Upgrade Meeting, 28 April 2007

TDC-GPX Chip

5

 TDC-GPX 
 

  

acam-messelectronic gmbh - Am Hasenbiel 27 - D-76297 Stutensee-Blankenloch - Germany - www.acam.de 

 

3 

1. Introduction  

1.1 System overview 

100 TQFP 
 

I-Mode 
!" 8 channels with typ. 81 ps 

resolution 
!" LVTTL inputs, optional LVTTL 
!" 5.5 ns pulse-pair resolution 

with 32-fold multi-hit capability 
= 182 MHz peak rate 

!" Trigger to rising or falling edge 
!" Measurement range 9,8 µs, endless 

measurement range by internal 
retrigger of START 

!" 10 MHz continuous rate per 
channel 

!" 40 MHz continuous rate per chip 
 
G-Mode 
!" 2 channels with 40 ps resolution 
!" Differential LVPECL inputs, optional LVTTL 
!" Measurement range 0 ns to 65 µs 
!" 5.5 ns pulse-pair resolution between edges of 

equal slope with 32-fold multi-hit = 182 MHz peak 
rate 

!" Minimum pulse width 1.5 ns 
!" Trigger to rising and falling edge 
!" Optional Quiet Mode (no ALU operation and Data-

output during measurements) 
!" 20 MHz continuous rate per channel 
!" 40 MHz continuous rate per chip 
 
R-Mode 
!" 2 channels with 27 ps resolution 
!" Differential LVPECL inputs, optional LVTTL 
!" Measurement range 0 µs up to    40 µs 
!" 5.5 ns pulse-pair resolution with 32-fold multi-hit 

capability = 182 MHz peak rate 
!" Trigger to rising or falling edge 
!" Optional Quiet Mode (no ALU operation and Data-

output during measurements) 
!" 40 MHz continuous rate per channel 
!" 40 MHz continuous rate per chip 

 
 
M-Mode 
!" 2 channels with 10 ps resolution      

(70 ps peak-peak) 
!" Differential LVPECL inputs 
!" Measurement range 0 ns up to 10 µs 
!" Single hit per Start and channel 
!" Trigger to rising or falling edge 
!" Quiet Mode (no ALU operation and Data-output 

during measurements) 
!" Max. 500 kHz continuous rate per channel 
!" Max. 1 MHz continuous rate per chip 
 
General 
!" Start retrigger option (besides M-Mode) 
!" Package: 100 TQFP 
!" IO voltage 3.0 V – 3.6 V 
!" Core voltage 2.3 V – 3.6 V regulated by resolution 

adjust unit 
!" Data bus: 28 Bit or 2 x 16 Bit asynchronous with 

Chipselect, Readstrobe, Writestrobe 
!" 40 MHz continuous rate per chip 
!" Address range: 4 Bit  
 
 

DStart TStartDStop1 DStop2 TStop1 TStop2 TStop3 TStop4 TStop5 TStop6 TStop7 TStop8

LVPECL inputs LVTTL inputs

Input Logic

Measurement Core

0 1 2 3 4 5 6 7 8

Hit FIFOs

Start
Logic Post-processing

Interface FIFO1 Interface FIFO2

Data multiplexerRead/Write logic

Configuration
registers

MTimer

Int and Error
flags

Data bus 28 or 2 x 16WRN RDN CSN ADR
OEN/
Reset

PLL

ErrFlag

40 MHz
ref

Phase

AluTrigger/
Reset

Power-on
reset

StartDis
StopDis

EF1 EF2 LF1 LF2

IntFlag

Master
reset

Partial
reset
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(Vddo = Vddc = 3.3 V, Ta = +25°C) 
 

 

STOP

STOP

StopDis

not allowed no passpass no pass pass
undefined

tS2-DH

tS1-DH

tS1-DL

tS2-DL

Figure 6 
 

Spec Description Min (ns) Max (ns) 

tS1-DH Disable Setup Time - 6 

tS2-DH Disable Setup Time - 1 

tS1-DL Disable Hold Time - 0 

tS2-DL Disable Hold Time - 2 

 

1.3.4 Reset Timings 
(Vddo = Vddc = 3.3 V, Ta = +25°C) 

tph

trrs

Master Reset
(at pin)

Start/Stop

trfs

accept acceptnot acc.
   Figure 7 

 
Spec Description Min (ns) Max (ns) 

tph Reset pulse width 10 - 

trfs Time after rising edge of reset pulse be-
fore hits are accepted 

27 - 

trrs Time after falling edge of reset pulse 
before hits are accepted 

13 - 

tph

trrs

Partial Reset
(at pin)

Start/Stop

trfstrs

accept acceptnot acc.
   Figure 8 

 
Spec Description Min (ns) Max (ns) 

tph Reset pulse width 10 - 

trfs Time after rising edge of reset pulse be-
fore hits are accepted 

60 - 

trrs Time after falling edge of reset pulse 
before hits are accepted 

13 - 

trs Time berfore rising edge of reset pulse 
where hits will be lost 

- 37 

 
 

1.3.5 General Timings & Resolution 
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TDC-GPX Chip
• Design issues

– Reset creates deadtime of ~100 ns.  At what 
intervals do we reset and restart?  Cannot exceed 40 
µs.

– The chip internally buffers up to 32 hits, but how 
will it allow us to match “hits” with start pulses / 
RF buckets? Is it necessary to match hits with RF 
buckets?

– The “time constant” of these chips follows a 
distribution of some width.  Do we have to calibrate 
the chips individually?
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TDC-GPX Chip

• Design issues
– Almost certainly we need two operating modes, one 

in which the trigger strobe serves to “sparsify” the 
output stream and another in which it does not.

– Possibly good news:  Other HEP experiments are 
planning to use this chip.

– Not so good news: ~$200/chip.
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A Suggestion for TDC-GPX Usage
• Introduce a new periodicity into the trigger / DAQ logic: 

an “MI turn.”
• MI turns have a duration of ~10 µs.
• The experiment is necessarily dead during the “abort 

batch,” ~1.5 µs.  (We can probably afford to depopulate 
one batch adjacent to the abort batch yielding a “quiet 
interval” of ~3.0 µs. )

• At end of quiet interval reset and send a start pulse to all 
TOF modules.

• At beginning of quiet interval determine presence of an 
event during the turn. If present, move data from volatile 
memory to intermediate memory (where time stamps get 
attached.)

10
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ADC with TRIP-t Chip
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FEE2003 1/11/2005 8

TriP ChipTriP Chip

Simplified schematicSimplified schematic



C. Rosenfeld                                  MIPP Upgrade Meeting, 28 April 2007

ADC with TRIP-t Chip
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Draft 
Bench test of TRIP-t 

Leo Bellantoni, Paul Rubinov    D0 note #### 
 
 
Abstract  A report of the bench tests of the first TRIP-t chip, and a short  
  summary of how the chip should be operated. 
 
 

Description of the TRIP-t 
 The TRIP-t chip, designed by Abderrezak Mekkaoui, Tom Zimmerman 
and Jim Hoff is the part of the front end of the D0 electronics for the VLPC based 
detectors.  Its inputs are the analog pulses from the fibers after amplification by 
the VLPCs and digital timing inputs to control e.g. the time window over which 
the system should be sensitive to pulses.  The outputs of the TRIP-t are (1) a 
digital signal to use for triggering;  (2) an analog pulse (~1V) that is proportional 
to the amplitude of the input from the VLPC, called the A-pulse;  (3) an analog 
pulse (~1V) that is proportional to the time between the firing of the discriminator 
and the closing of the time-gate, called the t-pulse.  The chip contains an analog 
pipeline just before the final output drivers.   
 
 The TRIP-t is a modification of the TRIP chip; see D0 notes 4009 and 
4076.  Documentation is at 
smb://D0server6/projects/TriggerElectronics/CAE/Run_IIb_AFE. 
 
 Figure 1 shows a simplified functional diagram of the TRIP-t.  The front 
end, shown in simplified functional form in Figure 2, produces the three primary 
outputs of the chip.  The A-pulse and t-pulse outputs are stored in analog 
pipelines, and the output of these is selected by the SKIPB signal, which is in 
effect the L1 YES signal.  Outputs to form trigger signals are created by 
discriminators in the front end, and readout quickly through the digital multiplexer.  
The operation of the front end is controlled by a set of DACs that determine 
parameters such as the drive currents for opamps.  Although it is not shown in 
Figure 1, the Program Interface also provides some parameters to the pipeline 
and the final output drivers of the A- and t-pulses. 
 
 

Operation of the TRIP-t 
 The programing of the DACs for the TRIP-t is basically the same as it was  

 

Draft 

for the TRIP chip, and is described in D0 note 4009.  However, the meanings of 
the registers given in that document have changed.  The new definitions and the 
values used here are given in Table 1.  The values used here should be close to 
those used in the final installation, except for registers 6 and 11. 
  

Register Name Default value Comment 
1 IBP 130 Preamp drive current 
2 IBBNFoll 120 Preamp feedback control 
3 IFF 40 Preamp feedback control 
4 IBPIFF1REF 160 Preamp reset strength 
5 IBOPAMP 255 Opamp drive current 
6 IB_T 80 Time circuit current source 
7 IFFP2 42 Opamp feedback control 
8 IBCOMP 10 Comparator drive current 
9 V_REF 170 Ref voltage for opamps 2 & 3 
10 V_TH 243 Ref voltage for comparator 
11[5:0] PIPEDELAY 6 Pipeline depth 
11[9:6] GAIN 0111 Gain; high bit is negative logic 
12 IRWSEL 15 Drive currents for pipeline R/W 
13 LUCKB 42 Do not use 
14 INJECT none Which channels to test-pulse 

 
Table 1.  Register settings use here.  In situ, IB_T will be near 60 to provide an 

80nsec range for the t-pulse, and PIPEDELAY will be 31. 
 
 
Correct operation also requires specification of the timing of the signals input to 
the chip.  A spreadsheet showing all the signals is available at  
smb://D0server6/projects/TriggerElectronics/CAE/Run_IIb_AFE
/Trip-t\ Chip/TRIP-t\ from\ Leo/Review_Apr05/DG2020\ 
copy.xls.  Figure 3 shows a detail of the critical reset/gating signals. 
 
The PRE_RST signal is actually three signals; PRE_RST itself, and two inverted 
signals, P2A_RSTB and P2B_RSTB.  All have the same timing; the reset is on 
for 245ns and then off for 155ns, making a cycle time of 400ns, close to the 
393nsbeam crossing time.  The signals DIGENL, DIGENU, and DIGENB are the 
signals to output the discriminator signals; the first 16 channels are sent out on 
DIGENL and the same 16 lines show the second 16 discriminator results on 
DIGENU.  These signals are 20ns wide and their positioning inside the PRE_RST 
pulse is not crittical.  The PLN_CLK signal determines the gate for which the 
input is sensitive, unless PR1 was high at an earlier low to high transition of 
PLN_CLK.  In the latter case, the pipeline is read out.  In figure 3, the chip will be 
sensitive to pulses at the input between t = 9420ns and t=9520ns.  PRE_RST 
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Figure 3. Reset and gating signal details 
 
must finish 50ns before the PLN_CLK is active, and there is a 5ns gap after the 
gate closes before the next PRE_RST begins. 
 
 

Discriminator test results 
 The setting of R10 in Table 1 corresponds to a discriminator threshold of 
8fC, assuming that the 200fF capacitor on the Q_TEST line of Figure 2 is indeed 
200fF.  Channel to channel variation of the capacitance within a given chip 
should be quite small – on the order of 5% – but the absolute scale of these 
capacitances is guaranteed to only the 30% level. Figure 4 shows the 
discriminator turn-on  
 

Figure 4.  Discriminator threshold curves. 
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ADC with TRIP-t Chip

• TRIP-t chip is a Fermilab design. A conventional 
manufacturer’s data sheet is hard to find.

• Hard to decipher from existing documentation, graphic or 
English, what this chip does and how to use it.

• Noneheless we can reasonably expect that the TRIP-t chip 
or some other chip will do for the pulse height what the 
TDC-GPX chip does for the timing.

• Much design work remains to realize a custom TOF 
module.
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The Road Ahead 

• Much design work remains to realize a custom TOF 
module.
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Finis


